1. Introduction
===============

Thalassemia is a genetic disorder that involves abnormal haemoglobin formation ([@b1-epj-09-4003]--[@b3-epj-09-4003]). Haemoglobin comprises of alpha and beta 'chains' which, in a patient with thalassemia, are faulty as a result of which the haemoglobin produced is faulty. In a patient with thalassemia, problems arise because there is a lack of healthy haemoglobin that the body requires for it to become properly oxygenated. A patient with thalassemia, not only has lower levels of haemoglobin present in his or her bloodstream but also lacks good quality haemoglobin. At the same time, the patient's body continues trying to produce more red blood cells and haemoglobin. 4 However, since there is a genetic fault with the haemoglobin being produced in that individual's body, the new haemoglobin produced, causes further problems as an overproduction of unhealthy haemoglobin takes place. Individuals with thalassemia can be treated according to the level of severity of their condition ([@b2-epj-09-4003], [@b4-epj-09-4003]). While some mild forms of thalassemia might even go unnoticed and only cause mild anaemia and iron deficiency problems in patients, other more severe forms of thalassemia can even result in death. Most commonly, however, regular blood transfusions are used to treat patients with thalassemia since blood transfusions allow for these individuals' bloodstreams to be flooded with adequate amounts of 'healthy' and normal haemoglobin ([@b2-epj-09-4003]). The two main categories of thalassemia are alpha and beta thalassemia that are then divided into further subcategories ([@b2-epj-09-4003], [@b5-epj-09-4003]). The main cause behind thalassemia is always the defective synthesis of alpha or beta chains. 5 Alpha thalassemia occurs when one or more of the four alpha globin genes are either abnormal or not present in an individual. Beta thalassemia occurs when one or both Beta globin genes are either abnormal or are absent ([@b2-epj-09-4003], [@b5-epj-09-4003]). In most of the cases, mutations in the alpha or beta globin genes result in the development of thalassemia in the patient. Some of these gene mutations result in mild versions of thalassemia while others result in extremely severe forms of thalassemia ([@b1-epj-09-4003], [@b2-epj-09-4003]). The less severe forms of thalassemia, also known as thalassemia minor or thalassemia trait, mean that an individual carries a thalassemia gene but that the production of haemoglobin is enough in the individual's body for them to be considered as a healthy person ([@b1-epj-09-4003], [@b2-epj-09-4003]). In most cases, this can result in mild anaemia in an individual, which can also be mistaken for an iron deficiency ([@b6-epj-09-4003]). However, individuals who inherit this gene from their parents need to be very cautious when they have children of their own as the chances of their children inheriting more severe forms of thalassemia, increase significantly ([@b7-epj-09-4003]). The three types of thalassemia minor include alpha plus thalassemia trait which involves one of the four alpha genes to be missing, alpha zero thalassemia trait which involves two missing alpha haemoglobin genes, and beta thalassemia trait which involves the absence of one out of two beta haemoglobin genes ([@b2-epj-09-4003], [@b3-epj-09-4003], [@b5-epj-09-4003]). However, there are a number of types of thalassemia that are more dangerous and severe than the aforementioned types. Firstly, there is beta thalassemia major (BTM) which basically involves the presence of two beta thalassemia genes in an individual ([@b8-epj-09-4003]). In this case, a significant portion of an individual's haemoglobin does not work. Another form of thalassemia that is milder than BTM is beta-thalassemia intermedia (BTI), which involves the presence of two thalassemia genes but also involves the presence of a higher amount of 'healthy' haemoglobin ([@b5-epj-09-4003], [@b8-epj-09-4003]). However, despite the fact that this form of thalassemia is less severe than BTM, it still requires continuous monitoring for life ([@b2-epj-09-4003], [@b5-epj-09-4003], [@b8-epj-09-4003]). Hb H disease is another form of thalassemia where three of the four alpha haemoglobin genes are either missing completely or are abnormal ([@b9-epj-09-4003]). Patients with this type of thalassemia are usually anaemic as well, and require regular blood transfusions for life ([@b2-epj-09-4003], [@b10-epj-09-4003], [@b11-epj-09-4003]). Hb Bart's is the most severe form of thalassemia and this condition arises when all four alpha haemoglobin genes are missing or are abnormal ([@b2-epj-09-4003], [@b9-epj-09-4003]). This form of thalassemia is so severe that even before birth, no haemoglobin can be made, as a result of which, the baby with this form of thalassemia dies in the womb ([@b9-epj-09-4003]). A family history of thalassemia increases the chances of an individual being affected by the disease ([@b5-epj-09-4003], [@b10-epj-09-4003], [@b12-epj-09-4003]). However, the severity of the disease depends on which type of gene mutation has taken place, since some gene mutations result in more severe forms of thalassemia than others ([@b2-epj-09-4003], [@b12-epj-09-4003]). It must be noted that individuals with certain ancestries are more likely to develop thalassemia than others. Mostly, thalassemia affects individuals with Italian, Asian, African, Middle Eastern and Greek ancestry ([@b2-epj-09-4003], [@b12-epj-09-4003]). Studies have revealed that African American individuals tend to have lower haemoglobin levels than whites in general as a result of which the incidence of thalassemia among these individuals is also likely to be higher ([@b13-epj-09-4003]). In many cases, thalassemia is detectable six months after birth, if not during the pregnancy ([@b2-epj-09-4003], [@b10-epj-09-4003], [@b12-epj-09-4003]). Symptoms associated with Haemoglobin H disease are usually identified during the individual's first two years of life ([@b9-epj-09-4003], [@b14-epj-09-4003]). Alpha thalassemia major, however, can be identified during the pregnancy since Haemoglobin production in the foetus does not start. In such cases, efforts can only be directed at taking the necessary precautions to avoid maternal complications that range from toxaemia to premature delivery and higher chances of delivery by caesarean sections ([@b5-epj-09-4003], [@b7-epj-09-4003]). The best option while dealing with thalassemia is to ensure that it is prevented, which can be done by checking both parents for the presence of any gene mutations before the couple decides to have a child ([@b5-epj-09-4003], [@b8-epj-09-4003]). Patients with thalassemia usually experience a loss of appetite, jaundice, an enlarged spleen or liver and several bone problems ([@b3-epj-09-4003]). Since thalassemia is most commonly treated with blood transfusions, this causes excess iron to build up in an individual's bloodstream ([@b6-epj-09-4003]). This excess iron can then cause several heart problems for the individual including irregular heartbeats, heart attacks and even death by heart failure ([@b2-epj-09-4003], [@b6-epj-09-4003], [@b10-epj-09-4003]). Spleen enlargement also causes individuals to have their spleens removed as a result of which they are left more prone to catching infections ([@b15-epj-09-4003]). This is why patients with thalassemia are usually at a higher risk of infection, and death often results from these infections ([@b2-epj-09-4003], [@b15-epj-09-4003]). Finally, osteoporosis is another very common problem found in patients with thalassemia ([@b16-epj-09-4003]--[@b18-epj-09-4003]). Osteoporosis causes the bones to become brittle, and can break easily as a result of which thalassemia patients can experience a lot of discomfort pertaining to the bones and teeth ([@b17-epj-09-4003]). Patients with thalassemia can experience an enlargement of their upper jaw which is also known as the chipmunk face ([@b19-epj-09-4003], [@b20-epj-09-4003]). The chances of the migration and spacing of upper anterior teeth also increase, and there may be varying degrees of malocclusion in such patients too ([@b21-epj-09-4003]). Other than that, the teeth of patients who have thalassemia might be discoloured and have short crowns and roots ([@b20-epj-09-4003]). Individuals who have thalassemia have a higher rate of dental decay as compared to people who do not have thalassemia ([@b20-epj-09-4003]). Thalassemia patients' gums and the lining of their mouth become pale due to anaemia ([@b2-epj-09-4003]), they might also experience a sore or burning tongue due to folate deficiency ([@b10-epj-09-4003], [@b22-epj-09-4003]). Thalassaemic patients also experience painful swelling of salivary glands and a dry mouth which leads to reduced salivary protection ([@b22-epj-09-4003]). It has been seen from the previous studies that thalassaemic patients are prone to dental decay ([@b20-epj-09-4003]). This, at times, happens because the patients do not tend to regular dental care or hesitate to go to a dentist thinking they will not understand their condition; there have also been cases where the thalassaemic patients are more concerned with the serious medical complications of thalassemia and their teeth get neglected in the process ([@b20-epj-09-4003], [@b22-epj-09-4003]). Due to a higher rate of tooth decay and thalassaemic patients not paying much attention to their dental care through restorative dental treatments/fillings, there comes a stage when individuals will start experiencing pain in their teeth. It is then that thalassaemic patients try to get dental services in emergency ([@b22-epj-09-4003]). When patients start experiencing pain, this is when the dental decay has gone to an advanced stage. At this stage, there is a higher risk of abscess and infection traveling and spreading further into the tissues of the neck and face. When a patient reaches this stage, the more likely treatment of this is to extract the teeth of patients rather than provide fillings. As a result, thalassaemic patients lose more teeth ([@b10-epj-09-4003], [@b22-epj-09-4003]). In general, thalassemia causes problems at varying levels depending on the severity of the form of thalassemia. Patients with more serious forms of thalassemia experience a lot more difficulties with their daily lives as compared to those with milder forms of thalassemia ([@b2-epj-09-4003]).

2. Discussion
=============

2.1. Pathophysiology
--------------------

### 2.1.1. Pathophysiology of alpha thalassemia

The important factor involved in pathophysiology of alpha thalassemia is the reduced or absent synthesis of alpha globin chains which leads to an accumulation of otherwise normal beta globin chains in adults and gamma chains in the foetus. Instead of forming alpha/beta dimers that then form normal HbA tetramers (a2b2), the excess beta globin chains assemble into beta-4 tetramers, called HbH ([@b23-epj-09-4003], [@b24-epj-09-4003]). In the neonatal period, before beta globin chain synthesis reaches adult levels, excess unmatched gamma globin chains accumulate and form gamma-4 tetramers, called Hb Bart's ([@b25-epj-09-4003]). These two homotetramers are susceptible to oxidant injury ([@b23-epj-09-4003], [@b25-epj-09-4003]), and are functionally useless as oxygen delivery pigments because their affinity for oxygen is at least 10 times greater than HbA; and the oxyhaemoglobin dissociation curve is not sigmoidal because there is no heme-heme interaction. The oxyhaemoglobin dissociation curves for HbH and Hb Bart's resemble that of myoglobin, a compound that holds but cannot deliver oxygen to the tissue ([@b26-epj-09-4003]). Causes of anaemia in alpha thalassemia is summarized in four components: 1) low haemoglobin HbA reduced or absent synthesis of alpha globin, 2) production of two abnormal haemoglobins Hb Bart's (gamma globin tetramers) and HbH (beta globin tetramers) because of insufficient numbers of alpha globin chain, 3) accumulation of excess unmatched non-alpha globin chains within red blood cells leads to Intracorpuscular haemolysis, and 4) Ineffective erythropoiesis.

### 2.1.2. Pathophysiology of β thalassemia

A quantitative reduction of structurally normal β globin chains result in β thalassemia ([@b27-epj-09-4003]). They are caused by mutations that nearly all affect the β globin locus and are extremely heterogeneous. Almost every possible defect affecting gene expression at transcription or post-transcriptional level, including translation, have been identified in β thalassemia ([@b2-epj-09-4003], [@b27-epj-09-4003]). These genetic defects lead to a variable reduction in β globin output ranging from a minimal deficit (mild β+ thalassemia alleles) to complete absence (β thalassemia) ([@b2-epj-09-4003], [@b16-epj-09-4003], [@b27-epj-09-4003]). In β thalassemia, the synthesis of normal α globin chains from the unaffected α globin genes continues as normal, resulting in the accumulation within the erythroid precursors of excess unmatched α globin ([@b2-epj-09-4003], [@b8-epj-09-4003], [@b27-epj-09-4003]). The free α globin chains are not able to form viable tetramers and instead precipitate in the red cell precursors in the bone marrow, forming inclusion bodies, which are responsible for the extensive intramedullary destruction of the erythroid precursors and hence the ineffective erythropoiesis that underlies all β thalassemia ([@b3-epj-09-4003], [@b10-epj-09-4003], [@b27-epj-09-4003]). Causes of the anaemia in β thalassemia occur in the presence of two phenomena: the first one is infective erythropoiesis and the second is the destruction of circulating red blood cells (haemolysis) ([@b5-epj-09-4003], [@b8-epj-09-4003], [@b10-epj-09-4003]). The degree of haemolysis is directly correlated with extra alpha globin chain ([@b28-epj-09-4003]). Impaired deformability of RBCs alteration of affected RBCS surface, leads to removal of it by macrophages and oxidant injury to lipid and proteins of RBCs membrane by binding of oxidized alpha globin chains to the RBC membrane ([@b29-epj-09-4003], [@b30-epj-09-4003]). The two above-mentioned phenomena result in severe anaemia, marked erythroid hyperplasia in the bone marrow, resulting in bone marrow expansion, extramedullary haematopoiesis, hepatosplenomegaly. The main difference in pathophysiology between alpha and beta thalassemia is that, the excess beta or gamma globin chains in the alpha thalassemias, can form partially soluble but ineffective haemoglobin homotetramers. These homotetramers do not precipitate extensively until they are exposed to damaging effects, mostly oxidant in nature, in the circulation. In contrast, in the beta thalassemia's the excess unmatched alpha chains that accumulate cannot form alpha-4 tetramers; instead, they produce insoluble alpha aggregates even in very early marrow erythroid precursors, affecting membrane assembly and accelerating apoptosis (programmed cell death). Because of differences in the biochemical composition of aggregates between alpha globins and beta globins, the severity of the disease is less severe in alpha compared with beta thalassemia ([@b31-epj-09-4003]).

2.2. Clinical Manifestations and management of thalassemia
----------------------------------------------------------

### 2.2.1. Clinical Manifestations

The main cause for oral manifestations of thalassemia is due to extreme compensatory hyperplasia of bone marrow, this in turn leads to expansion of marrow cavity. Facial features and oral manifestations are illustrated in [Tables 1](#t1-epj-09-4003){ref-type="table"}.

### 2.2.2. Management of thalassaemic patients

Before beginning the treatment, the following should be ascertained: 1) type of thalassemia: major, minor or intermedia, 2) present haemoglobin level of the patient, and 3) ddegree of iron overload in the body. Repeated transfusions increase the total body iron load resulting in complications, therefore assessment of iron overload should be done periodically: 1) elative organ involvement with iron, 2) chelators administered to the patient (patients receiving regular transfusions need to be on chelation therapy to help excrete excess iron), 3) presence or absence of splenomegaly (hypersplenism increases the need for blood transfusions). If the hypersplenism is accompanied with leucopenia and thrombocytopenia, splenectomy may be the treatment of choice, 4) history of splenectomy, and 5) overall patient prognosis and life expectancy. There are also dental considerations for thalassemia. Any invasive procedure in thalassemia patients should be done under antibiotic cover and immediately after transfusion. Liver function and coagulation tests should be done before dental procedures are carried out. Orofacial defects and malocclusions in less severe types of thalassemia can be treated surgically followed by orthodontic treatment for alignment of teeth. Less severe malocclusions can be corrected by orthodontic treatment at an early age. Prescription of hepatotoxic drugs should be given cautiously. Tetracycline, metronidazole and erythromycin estolate should be avoided. Paracetamol is a safe alternative to NSAIDS and aspirin. Sedation or anaesthesia may be used during dental treatment of thalassemia patients for better control and cooperation. Caution should be exercised in thalassemia patients due to complications related to compromised immunity, liver function, splenectomy and cardiovascular issues. Multidisciplinary approach involving dental surgeon, haematologist and orthodontist should be practiced.
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###### 

Facial features and oral manifestations of thalassemia

  Features                                                          Cause                                                                                                  
  ----------------------------------------------------------------- ------------------------------------------------------------------------------------------------------ -------------------------------------------------------------
  Facial features                                                   Class II malocclusion                                                                                  Maxillary protrusion, mandibular atrophy
  Maxillary protrusion ([@b32-epj-09-4003], [@b33-epj-09-4003])     Early fusion of occipital sutures, hyperplasia of anterior maxillofacial structures                    
  Lateral displacement of orbits ([@b34-epj-09-4003])               Marrow overgrowth in maxillary bone                                                                    
  Chipmunk facies ([@b35-epj-09-4003], [@b36-epj-09-4003])          Malar prominence, saddle nose, frontal bossing                                                         
  Brodie syndrome ([@b37-epj-09-4003])                              Mandibular arch is telescoped within the maxillary arch                                                
  Pneumatisation of paranasal sinuses                               Hyperplasia of marrow in frontal, temporal and facial bones ([@b33-epj-09-4003], [@b34-epj-09-4003])   
  Oral manifestations                                               Malocclusion                                                                                           Maxillary protrusion, increased overjet, anterior open bite
  High caries index ([@b33-epj-09-4003])                            Poor oral hygiene, less phosphorous and IgA in saliva                                                  
  Mucosal pallor, atrophic glossitis                                Decreased haemoglobin levels                                                                           
  Severe gingivitis                                                 If splenectomy done ([@b35-epj-09-4003])                                                               
  Inflammation of salivary glands                                   Iron deposits                                                                                          
  Dark coloured gingiva                                             High ferritin levels in blood                                                                          
  Thin mandibular cortex ([@b33-epj-09-4003])                       Marrow proliferation, expansion of medulla                                                             
  Multiple diastemas                                                                                                                                                       
  Roots-short and spike shaped, taurodontism ([@b33-epj-09-4003])                                                                                                          
